Objective To investigate the effectiveness of incentive spirometry on respiratory motion in healthy subjects using cine breathing magnetic resonance imaging (MRI). Methods Ten non-smoking healthy subjects without any history of respiratory disease were studied. Subjects were asked to perform pulmonary training using incentive spirometry every day for two weeks. To assess the effectiveness of this training, pulmonary function tests and cine breathing MRI were performed before starting pulmonary training and two weeks after its completion. Results After training, there were significant improvements in vital capacity (VC) from 3.58±0.8 L to 3.74±0.8 L and in %VC from 107.4±10.8 to 112.1±8.2. Significant changes were observed in the right diaphragm motion, right chest wall motion, and left chest wall motion, which were increased from 55.7±9.6 mm to 63.4±10.2 mm, from 15.6±6.1 mm to 23.4±10.4 mm, and from 16.3±7.6 mm to 22.0±9.8 mm, respectively. Conclusion Two weeks of training using incentive spirometry provided improvements in pulmonary function and respiratory motion, which suggested that incentive spirometry may be a useful preoperative modality for improving pulmonary function during the perioperative period.
INTRODUCTION
Currently, incentive spirometry (IS) is a widely used modality for preventing or treating postoperative atelectasis [1] . Several studies have evaluated the effectiveness of IS; however, their results are conflicting [2] [3] [4] [5] [6] . Moreover, although respiratory physiotherapy using IS can have a mechanical effect on the respiratory motion of the chest wall and diaphragm, this aspect is unclear.
There are some reports on dynamic analysis of chest wall and diaphragm motions using cine magnetic reso-www.e-arm.org nance imaging (MRI) [7, 8] . Although cine breathing MRI (BMRI) has led to a better understanding of respiratory function [9] [10] [11] , the use of cine BMRI of the chest wall and diaphragm has not been reported with regard to the effectiveness of IS. Therefore, the purpose of this study was to investigate the effectiveness of IS on respiratory motion in healthy subjects using cine BMRI.
MATERIALS AND METHODS
Ten non-smoking healthy subjects without any history of respiratory disease were studied: 7 women and 3 men, whose mean age was 31.2 ± 6.1 years (range, 21-40 years). This study was approved by the ethics committee of Seirei Sakura Citizen Hospital, and all participants were informed about the study procedures before they gave their written consent to participate in this study.
Incentive spirometry training program
For IS, a flow-oriented device (Triflo II, Teleflex/Hudson RCI, Temecula, CA, USA; and Respirex, DHD Medical Products, New York, NY, USA) was used. The training menu using IS was based on the techniques that are commonly used preoperatively for orthopedic surgery in our hospital. Five deep breaths were performed via an incentive spirometer in order to achieve sustained maximal inspirations and expirations. Education was given about how to use the device, and subjects were instructed to take five sets of five sustained maximal inspirations and expirations two times a day; i.e., each patient took a total of 50 maximal inspirations and expirations daily using an incentive spirometer. Subjects were asked to perform their pulmonary training every day for two weeks. To assess the effectiveness of this training, pulmonary function tests (PFTs) and cine BMRI were performed before starting pulmonary training and two weeks after its completion.
Pulmonary function tests
All PFTs were performed using the same computerized spirometer. These tests were performed while the patients were standing, and each measurement was repeated three times. The best of 3 measures was taken as the final measure. The results for standard respiratory function tests−vital capacity (VC), %VC, forced expiratory volume in 1 second (FEV1), and the ratio of FEV1 to FVC (FEV1%)−were expressed as mean±standard deviation.
Cine BMRI
Cine BMRI was performed using a 1.5-T MR system with a whole body coil (Signa Twin Speed 1.5T; GE Medical Systems, Milwaukee, WI, USA). For localization, a T1-weighted coronal anatomic image of a patient's thorax with breath-holding after full expiration was used. Fast Imaging Employing Steady-state Acquisition (FIESTA) sequences were used in cine BMRI. Sequential parameters were TR/TE=4.0/1.2 ms; flip angle, 30º; slice thickness, 5 mm; matrix, 160×160. Scans were performed in the supine position to estimate vital-capacity breathing without breath-holding. Respiratory rates were 3 to 6 breaths in 30 seconds. Kinematic motions of the thorax were recorded every 0.5 seconds for 30 seconds in the sagittal and axial planes. Sagittal images were acquired at the middle of both lungs. Axial images were acquired at the level of the center of the T10 vertebra. Each MR image was sent to a personal computer and analysis was performed using the National Institute of Health Image software (http://rsb. info.nih.gov/nih-image/). The chest wall and diaphragm motions were animated and evaluated visually using a cine-loop view of the sequential MR images.
BMRI variables
Images at maximum full inspiration and minimum full expiration were identified in each dynamic sequence. In the sagittal and axial planes, respiratory motions of the right and left thorax were measured separately. In the midsagittal planes, a line was drawn tangent to the lung apex and perpendicular to the vertical MRI frame. On the full inspiratory and full expiratory images, the distances from this line to the diaphragm at its highest point were defined as the maximum dimension (Di) and minimum dimension (De), respectively. Diaphragm motion was defined as the difference between Di and De (Fig. 1) . Chest wall dimensions in the anteroposterior diameter of the thorax in the axial planes were also measured (Fig. 2) . The results for BMRI variables were expressed as mean±standard deviation.
Paired t-tests were used for statistical comparisons, with p<0.05 being considered statistically significant. In our clinical data, 1) there were no outliers; 2) there were no large differences between trimmed means and general means; 3) Shapiro-Wilk tests showed that all our data www.e-arm.org were normally distributed, except for the data for postrehabilitation right diaphragm motion and pre-rehabilitation left chest wall motion; and 4) quantile-quantile plots did not show large differences. Although our clinical data were derived from only 10 subjects, for the above mentioned reasons we judged that paired t-tests were sufficiently robust based on the central limit theorem. Statistical analysis was performed using SPSS Statistics ver. 20 (IBM Corporation, Armonk, NY, USA).
RESULTS
An entire sequence was completed within 30 minutes. The spatial resolution of the individual images and the temporal resolution of the constructed cine-loops were considered to be of diagnostic quality for all of the subjects. Significant improvements in VC and %VC from 3.6±0.8 L to 3.7±0.8 L and from 107.4±10.8 to 112.1±8.2, respectively, were observed after training. FEV1 and FEV1% values did not change significantly (Table 1) . Left diaphragm motion was not significantly altered (p=0.057), which was increased from 54.3±12.2 mm to 60.4±7.7 mm. In contrast, significant changes were observed in right diaphragm motion, right chest wall motion, and left chest (Table 2) .
This subject was a 24-year-old healthy female. After two weeks of training using IS, her VC, %VC, FEV1, and FEV1% were increased from 3.38 L, 108.3%, 3.20 L, and 91.4% to 3.62 L, 116.0%, 3.34 L, and 94.9%, respectively. Her pre-and post-training chest wall and diaphragm motions were animated and evaluated visually using a cineloop view of the sequential MR images. Pre-and posttraining, right midsagittal, maximal inspiratory images showed increased chest wall and diaphragm motion after training (Fig. 3A, B) .
DISCUSSION
An incentive spirometer is a device designed to achieve and sustain maximal inspiration. It is easy to use and provides the patient with visual feedback on air flow and volume. Its use results in a prolonged phase of effective inspiration, more controlled flow, and greater enthusiasm to practice [12] . However, the efficacy of IS remains controversial [5, 13] . Thomas and McIntosh [5] reported that IS and deep breathing exercises appeared to be more effective than no physical therapy intervention in preventing postoperative pulmonary complications. However, Schwieger et al. [14] showed that on comparing the effects of IS with a control group, there were no betweengroup changes in lung function. In a systematic review, Carvalho et al. [15] concluded that there was no evidence to support the use of IS in the management of surgical patients. A linear relationship between chest wall motion and lung volume changes has been reported [16, 17] . 
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Only a few studies have focused on physiological aspects, such as thoracoabdominal motion, while using IS [18, 19] . In these studies, respiratory plethysmography was used to assess the breathing patterns and thoracoabdominal motions during breathing exercises using IS. However, the authors did not mention the effects after some period of respiratory training using IS.
In the current study, we found that two weeks of pulmonary physiotherapy using IS provided improvements in pulmonary function and respiratory motion, which suggested that IS may be a useful preoperative modality for improving pulmonary function during the perioperative period. Among our motion measurements, only left diaphragm motion did not improve significantly (p=0.057), which may be due to the small sample size. The present results are compatible with those reported by Thomas and McIntosh [5] . However, the findings of previous studies have not always been in agreement. These discrepancies could be due to differences in the amount of physiotherapy using IS and differences in patient selection. To the best of our knowledge, this is the first report to study the effects of pulmonary training with IS on respiratory motion using cine BMRI. The present results also demonstrated excellent feasibility of cine BMRI for assessing diaphragmatic and chest wall motions directly and visually. Quantitative measures enable us to assess focal respiratory motions before and after respiratory training. BMRI enables us to understand diaphragm and chest wall motions and to plan pulmonary training that is appropriate for respiratory condition of each patient.
There were some limitations to the present study. Our sample size was small. This type of study needs to be repeated in a larger population. Also, we only investigated the healthy subjects. In some departments, such as the orthopedic department, IS is also used for preoperative patients who have normal lung function. Our results showed that two weeks of preoperative training with IS for patients who had normal lung function could be useful and it can be recommended. Furthermore, its effectiveness may depend on patient selection; thus, its effect in different types of patients should be investigated.
In conclusion, using cine BMRI, we evaluated respiratory motions before and after pulmonary training using IS. Although this study was only a preliminary trial, our results suggest that two weeks of respiratory training using IS is useful for improving respiratory motion and pulmonary function. Further studies are needed to investigate the efficacy of pulmonary training using IS in different types of patients using cine BMRI.
